INTRODUCTION
The Sir2 (silent information regulator 2) family (or Sirtuins) of protein deacetylases have emerged as important regulators of seemingly diverse cellular processes, such as gene silencing, apoptosis, metabolism and aging (1) (2) (3) (4) (5) (6) . These enzymes catalyze a unique reaction that requires the coenzyme NAD + and produces deacetylated product, nicotinamide and O-acetylated ADP-ribose (OAADPr) (7) (8) (9) (10) (11) . Yeast Sir2 is required for gene silencing at the silent genetic loci and is thought to maintain a hypoacetylated chromatin state by localized histone deacetyation (1) . The catalytic core domain is conserved from bacteria to humans, with 5 homologous genes in yeast and 7 in humans (12) . Mammalian SIRT1 is localized in the nucleus and has been reported to regulate p53 (reviewed in (13)) and FOXO transcription factors (3, 4) , promoting survival under cell stress. Human SIRT2 is cytoplasmic and is reported to deacetylate a-tubulin (14) , whereas SIRT3 is localized to the matrix of mitochondria (15, 16) , though cellular targets have not been reported. Substrates and potential functions of the remaining mammalian homologs have not been demonstrated.
Sir2 has been linked to increased longevity in yeast (17) and C. elegans (18), and early reports suggest that SIRT1 and SIRT3 may play a similar role in mammals. The molecular basis for aging has not been established, however, it does appear that increased Sir2 activity is required. This has led to the investigation of regulatory mechanisms that might control Sir2 activity. Currently, there are two schools of thought: One that proposes the cellular NAD/NADH ratio is critical (19, 20) , while another suggests that linked to the health benefits of consuming such drinks. Several other related compounds also appear to activate Sir2 in vitro, suggesting that not only might Sir2 be the functional target of resveratrol and similar compounds, but that the cell may regulate Sir2 activity through the binding of other naturally occurring allosteric regulators.
Several reports have implicated a nuclear NAD + salvage pathway in yeast as a regulatory control point for ySir2 (23) (24) (25) (26) . This pathway (Figure 1 Here we examine the role of NAD + metabolites/derivatives and salvage pathway intermediates as activators, inhibitors, or co-enzyme substrates of Sir2 enzymes using three distinct Sir2 homologs and a variety of in vitro assays. Also, we probe the coenzyme binding site using inhibitor binding studies and alternative co-enzyme derivatives as substrates. The presented findings have important implications for the role of cellular NAD/NADH ratios and free nicotinamide concentrations in controlling Sir2 activity, as well as provide the mechanistic basis for co-enzyme specificity.
MATERIALS AND METHODS
Reagents. Synthetic 11-mer H3 peptide and acetylated H3 peptide (AcH3), corresponding to the 10 amino acid residues surrounding lysine-14 of histone H3; H 2 N-KSTGGK(Ac)APRKQ-CONH 2 , were purchased from SynPep Corporation (Dublin, CA), 3 H-Labeled Acetyl H3-peptide ( 3 H-AcH3) was prepared as previously reported (27) . 3-hPAD + was made enzymatically by utilizing the nicotinamide-exchange reaction of yeast HST2 and 3-hydroxypyridine as described previously (28) . All other chemicals were of the highest purity commercially available, were purchased from Sigma (St. Louis, MO), Aldrich (Milwaukee, WI), or Fisher Scientific (Pittsburgh, PA), and were used without further purification.
Expression and Purification of His-Tagged HST2, hSIRT2, and ySIR2. The procedure used in the expression and purification of histidine-tagged full-length HST2 has been reported previously (27) with only minor changes and was applied to the purification of the SIR2 enzymes. Fractions containing protein greater than 90% purity, based upon densitometry, were pooled, concentrated, and dialyzed in 50 mM Tris (pH 7.5 @ 37 ºC), 10% glycerol and 1 mM DTT. For yeast SIR2 (ySIR2), 800 mM NaCl was also included in the final dialysis. Enzyme concentrations were determined using the
method of Bradford et al. (29).
Charcoal Binding Assays. Charcoal binding assays were performed as reported previously (28) . Briefly, 70 mL reaction volumes containing 9.5). Mixture was heated to 95 ºC for one hour, and then centrifuged. The Fits were obtained using Kaleidagraph (Synergy software, Reading PA). 
RESULTS

Evaluation
Probing the Co-Enzyme Binding Site.
To probe the co-enzyme binding site of Sir2 enzymes, we determined whether structurally diverse mono-and dinucleotides, including some NAD and free substrate and include all processes up to and including the first irreversible step in the overall reaction. Therefore, the k cat /K m is a direct measure of an enzyme's specificity toward a given substrate, as it reflects both substrate binding and the first chemical step in the reaction, the cleavage of the nicotinamide-ribosyl bond. We and others have shown that nicotinamide release, under steady-state conditions, is the first irreversible step in the overall reaction (28, 30, (32) (33) (34) . The kinetic constants obtained with the various co-enzymes were determined from substrate saturation curves ( Figure 3) and compared to those derived from an NAD Over the last couple of years, there has been a growing debate on how Sir2 enzymes are may elicit a greater effect on some homologs than others.
In summary, we propose that changes in both free nicotinamide and free NAD + will contribute to the observed activity of cellular Sir2 enzymes. However, the relative inhibitory contribution of nicotinamide is likely to be more substantial than the small increases in activity predicted with non-catastrophic alterations in NAD 
